number of more than 8 and a benzyl group were particularly effective in inhibiting the nucleating activity of the bacterial cells. The inhibitory ability of one of the amphiphilic ammoniumsalts was greater at 15°Cthan at 4°C. Whena tea plant wassprayed with one of the effective ammonium salts prior to being kept at -3°C overnight, it was possible to protect the plant from freeze-injury at the minimal concentration of 250 ppm. to effectiveness, material costs and expensive labor. Although the use of fans has long been the most commonmeans of preventing frost in tea fields in Japan, it sometimes causes the promotion of frost injury when the atmospheric temperature happens to fall to -3°C.6>
Anti-nucleating agents against the bacterial action were reported by some research groups7~10); they include bacteriosides, hydroxamic acid derivatives, heavy metals, cationic detergents and so on. Two biotechnological approaches for reducing INA bacteria have been made on a laboratory scale. One is the use of bacteriophages to reduce the living cell number of INA bacteria1^and the other is the use of a bioantagonist which can reduce their population density.
12)
The present study was a systematic approach for developing new types of antinucleating chemicals for practical use for the regulation of the INA bacterium, Erwinia ananas.
MATERIALS AND METHODS
INA bacterium. An INA bacterial strain identified as Erwinia ananas, from its bacteriological characteristics,13) was isolated from a tea gemmisphere grown in Shizuoka prefecture. This strain has been given the particular name of E. ananas IN-104) and was used throughout this work. The bacterial cells were cultured in a mediumcomprising Bacto-Trypton (Difco, 1 g), Bacto-Proteose Peptone No. 3 (Difco, 1 g), dipotassium phosphate (0.15 g), magnesium sulfate (0.15g), glycerol (l g) and water (100ml) at 20°C for 24 hr with vigorous shaking. The cells at the exponential growth phase were collected by centrifugation at 8,000xg for 20min and then washed twice with physiological saline (300ml) at below 10°C.
Outer membrane. The cells were suspended in 10mM Tris-HCl (pH 6.5) containing sucrose at a final concentration of 0.75m and then their membranes were disrupted with a French Press (Otake Seisakusho) at a pressure of 1500kg/cm2. The lysate was separated from intact cells by centrifugation at 8,000 x g for 20min. The outer membranefraction was obtained from the lysate by sucrose density gradient ultracentrifugation14) at 4°C.
Antinucleating agents. Amino acid esters were synthesized by the C-activation method with /7-toluene sulfonic acid.15) The esters were crystallized from acetonepetroleum ether and then recrystallized from the same solvent system. EMG-8 and EMG-12, enzymatically modified gelatins with octyl and dodecyl moieties, respectively, were produced as described.16) Each of EMG-8and EMG-12was purified by dialysis against running water for two days, prior to being freeze-dried.
The powder thus obtained was washed with dichloromethane for further purification. «-Hexyl-«-octylamine and «-alkylbenzylamines (carbon number of the alkyl moiety: 8~18) were synthesized from the respective «-alkylamines through reaction with a 1.1 molar equivalent of «-hexyl iodide or benzyl bromide in chloroform under refluxing conditions for 3 days in the presence of a 1.0 molar equivalent of K2CO3as a catalyst. Each of the synthesized secondary amines was purified by silica gel column chromatography with chloroform-methanol (19 : 1) as a solvent system. The second peak (main peak) was concentrated in vacuo and the resulting product, an oil or crystal, showing a single spot on TLC (silica; ethyl acetatepyridine, 9 : 1) was used to evaluate the antinucleating activity.
The Rf values for «-hexyl-«-octylamine, noctylbenzylamine, «-decylbenzylamine, rc-dodecylbenzylamine, ft-tetradecylbenzylamine, «-hexadecylbenzylamine and «-octadecylbenzylamine were 0. iodides in D2O was similar to those for the latter compound, nAlkylphenyldimethylammonium salts (carbon number of the alkyl moiety: 6~ll) were synthesized by reacting an appropriate alkyl bromide with dimethylaniline in acetonitrile. Each of the reaction products was purified by silica gel column chromatography with rc-butanol-acetic acid-water (4: 1 : 1). The Rf values on TLC (silica; nbutanol-acetic acid-water, 4 : 1 : 1) for rc-hexylphenyldimethylammonium, «-heptylphenyldimethylammonium, noctylphenyldimethylammonium, «-nonylphenyldimethylammonium,^-decylphenyldimethylammbnium and «-undecylphenyldimethylammonium were 0.34, 0.36, 0.37, 0.38, 0.40 and 0.41, respectively. !H-NMR (D2O) 3 for «-octylphenyldimethylammonium:
1.04 (6H, t), 1. 51 (20H, s), 3.24 (10H, m) . Other chemicals were obtained from commercial sources.
Antinucleating activity test. 1.8ml of 0.1 m phosphate buffer (pH 6.5) was put in a test tube (10mm inside diameter) and 108 cells were suspended in it. The outer membrane fraction was similarly suspended at a concentration corresponding to an optical density at 280 nmof 10~2. Each suspension was mixed with water (0.2ml) containing a given amount of one of the test agents at 0°C and then kept at 0°C overnight, unless otherwise noted. Thesuspension was then cooled in an ethylene glycol bath kept at -5°C in order to examine the degree of supercooling (DS), which was determined by the method described in the previous paper17) and expressed as Tm-Ti, where Tmis the melting point and T{ the temperature at which freezing of the bulk water began. The agent concentration was expressed as ppmin the final test suspension. 
Amino acid ester Gly-C6, for example, denotes glycine hexyl ester. brane fraction. Table I shows that all the acids, amino acids and amino acid esters tested were ineffective for the cells, whereas some compounds with amphiphilic structures were effective for the membranefraction. Assuming that an amphiphilic structure of a molecule may contribute to antinucleation, we tested several kinds of surfactants (Table II) and obtained the following results: (1) the nucleating activity of the outer membrane was inhibited by many kinds of surfactants, and (2) that of INA bacterial cells was inhibited only by a cationic surfactant. These results indicate that the icenucleation active site of the cell comprises an anionic environment, the conformation of which easily changes during the membrane preparation process.
These findings prompted us to examine systematically a series of amines as to their antinucleating ability. Table III shows that pri- Table IV mary, secondary and tertiary amines whose hydrophobic groups are substituted with alkyl chains having carbon numbers of more than 8
were effective in increasing DS in the presence of cells. This suggests that development of the effect needs a structure containing at least both a hydrophobic group and a cationic group. In the case of amines, an increase in the carbon number of the alkyl group caused a decrease in water solubility.
In order to improve the water solubility we synthesized ammoniumsalts and tested their abilities as to the inhibition of the nucleating activity of the cells. As shown in Table IV , quarternary ammonium salts showed greater inhibitory abilities than the corresponding amines. As to an effective structure, it was thus suggested that one substitution should be a hydrophobic alkyl having a carbon number of more than 8. It was also found that a benzyl group acted as another favorable substituent. Alkylbenzyldimethylammonium salts (carbon number of the alkyl moiety: 8-18), even at 100ppm, showed DS of more than 5°C. We also tested some agents having odd number carbon chains in their alkyl moieties, in a series of ft-alkylphenyldimethylammonium salts, and found no particular difference in antinucleating effect between those with odd carbon numbers and those with even carbon numbers.
Reportedly, the nucleation activity of some strains of INAbacteria decreases over 26°C.18) This phenomenon suggests that the site involved in the development of the activity of the cells may change its original alignment at around 26°C and that, therefore, the compounds located at the site are more mobile at a higher temperature. The data in Table V show that some of the tested agents are more effective as to antinucleation at 15°C, supporting the above suggestion. The data also indicate that the spraying of antinucleating agents of this kind should be performed in the daytime.
In actuality, the freezing of water never occurs at a subzero temperature of higher than The cells were treated with each of the agent dispersions at 1000ppm for 3hr. Effective. tea plants. Therefore, a required attribute of an antifrost agent for tea plants should be that a DS of more than 3°C is attained on spraying of the agent. It is also necessary that its concentration at the time of spraying should not be harmful to the plants. 
